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Introduction
Open-bite, defined as the open vertical dimension 
between the incisal edges of the maxillary and 
mandibular anterior teeth,1 is often considered chal-
lenging to treat orthodontically because of its high 
tendency to relapse.2,3 Various etiologic factors, in-
cluding thumb and finger sucking,4 lip and tongue 
habits,5,6 airway obstruction,7 excessive dentoalveo-
lar development with the eruption of posterior teeth8 
and skeletal growth abnormalities,9 have all been 
reported. A skeletal anterior open-bite is often 
characterized cephalometrically by a steep mandi-
bular plane, an obtuse gonial angle, a long lower fa-
cial height, an upwardly and forward-rotated palatal 
plane,10 divergent upper and lower occlusal planes, 
a mesial inclination of the posterior dentition, and 
the lack of a normal curve of Spee in the lower 
arch.11
The treatment approach for correcting an ante-
rior open-bite ranges from observation and moni-
toring, myofunctional therapy, and conventional 
ortho dontic treatment to complex surgical proce-
dures.12 Orthodontic appliances such as tongue cribs 
and lingual prongs are used to treat open-bites by 
redirecting an anteriorly positioned tongue pos-
ture.13,14 On the other hand, in order to impede pos-
terior dental eruption, reduce or redirect vertical 
skeletal growth and control vertical development, 
various appliances such as bite-blocks,15,16 high-pull 
headgear17 and chin caps12 are used. Vertical elas-
tics are used for incisor extrusion.18 Severe skeletal 
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Fig. 1 Pretreatment extraoral and intraoral photographs.
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open-bites in adults are often treated by means of 
a combined orthodontic-surgical approach.19 Multi-
loop edgewise archwire (MEAW) therapy was also 
introduced to improve anterior open-bites by cant 
correction of individual occlusal planes and up-
righting of the posterior teeth.20 More recently, 
temporary anchorage devices (TADs) implanted in 
the posterior dentoalveolar area have been used 
for intrusion of the posterior teeth to allow coun-
terclockwise rotation of the mandible, followed by 
closure of an anterior open-bite.21 Each approach 
has its own pros and cons. In this article, we present 
a case of anterior open-bite with an Angle Class III 
malocclusion treated with the MEAW technique. 
Optimal treatment results and long-term stabil-
ity were observed even after 8 years 8 months of 
follow-up.
Case presentation
The patient was a 17-year-old female with the 
chief complaint of anterior open-bite. Her medical 
health history was noncontributory. She reported a 
thumb-sucking habit in childhood. She had a mildly 
concave profile with an excessive lower facial height 
and mild chin projection (Fig. 1). Approximately 
1−2 mm of gum display with a full smile was noted. 
No facial asymmetry was observed. The maxillary 
and mandibular dental midlines on observation co-
incided with the facial midline. The maxillary den-
tition was well-aligned, and the mandibular dentition 
exhibited a mild space deficiency in the anterior 
region (Fig. 1). The buccal segments had a bilateral 
Class III molar relationship, whereas the incisors 
Fig. 2 Pretreatment panoramic radiograph.
Fig. 3 Pretreatment cephalogram and tracing.
Table 1. Pretreatment cephalometric analysis results
Angular and linear 
Pretreatment Norm
measurements
Skeletal  
   SNA (º) 81.0 81.5 ± 3.5
   SNB (º) 82.5 77.7 ± 3.2
   ANB (º) −1.5 4.0 ± 1.8
   A-Nv (mm) 2.5 0 ± 2.0
   Pog-Nv (mm) 5.0 −5.0 ± 8.0
   SN-MP (º) 37.0 33.0 ± 1.8
   UFH/LFH (%/%) 42/58 45/55
Dental  
   U1-SN (º) 108.0 108.2 ± 5.4
   L1-MP (º) 87.5.0 93.7 ± 6.3
   U1-L1 (º) 129.0 119.9 ± 8.5
S = sella; N = nasion; A = point A (subspinale point); B = point B 
(supramentale point); Nv = nasion perpendicular; Pog = pogo-
nion; MP = mandibular plane; UFH = upper anterior facial 
height; LFH = lower facial height; U1 = long axis of upper 
incisor; L1 = long axis of lower incisor. 
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had an edge-to-edge relationship, and 2.0 mm of 
anterior open-bite was observed.
A panoramic radiograph showed that all teeth 
were present except for the mandibular left third 
molar which had been extracted not too long ago 
before she came to our clinic (Fig. 2).
Compared with Taiwanese norms, the cephalom-
etric analysis showed a skeletal Class III relationship 
with mandibular prognathism (Fig. 3, Table 1). Facial 
hyperdivergency was observed in this patient with a 
component of an increased mandibular plane angle. 
A relatively long lower facial height and divergent 
upper and lower occlusal planes were also noted.
The concluding diagnoses of this patient, hence, 
were as follows: an Angle Class III malocclusion, a 
skeletal Class III jaw base relationship, and an an-
terior open-bite. The treatment objectives were 
to: (1) correct the anterior open-bite; (2) obtain a 
Class I canine and molar relationship; (3) establish 
an ideal overjet and overbite; and (4) improve the 
occlusal function without compromising the facial 
esthetics.
Fig. 4 Fixed appliance therapy with multiloop edgewise archwire on the lower arch augmented by short Class III 
elastics.
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The ideal treatment approach for mandibular 
prognathism with a vertical skeletal discrepancy is 
a combination of conventional orthodontic treat-
ment with orthognathic surgery. However, the pa-
tient refused to have surgery because of the high 
cost and its invasive nature. TADs such as mini-
screws or miniplates were originally proposed to 
intrude the posterior dentition followed by closure 
of the anterior open-bite. However, it would have 
resulted in counterclockwise rotation of the man-
dible, which might have produced a pronounced 
chin projection and negatively impacted her facial 
profile. Since the patient did not display excessive 
gum with a full smile, we decided to use MEAW 
therapy to allow some extrusion of the incisors, 
have the mesially tilted mandibular molars up-
righted, correct the Class III malocclusion, and 
close the anterior open-bite.
Initially, we suggested extracting the three re-
maining third molars, but the patient only agreed 
to extract the mandibular right third molar.
During the initial stage of leveling, edgewise 
appliances (0.018 × 0.025 inch slot) were placed in 
both arches. Thereafter, a MEAW was placed in the 
lower arch and a 0.016 × 0.022 inch stainless steel 
archwire in the upper arch, which was augmented 
by short Class III elastics (Fig. 4). After 7 months of 
treatment, the anterior open-bite had successfully 
been closed, and a Class I molar relationship had 
been established. A subsequent detailed adjust-
ment of the occlusion of the upper and lower arches 
was carefully incorporated.
The duration of treatment was 13 months, and 
optimal occlusion was obtained. At the end of treat-
ment, a lingual fixed retainer was bonded to the 
lower anterior teeth. In addition to the upper and 
lower Hawley-type retainers, a removable retainer 
with a circumferential labial bow and tongue crib 
was fabricated for the upper dentition (Fig. 5). The 
patient was instructed to wear the special-type 
upper Hawley retainer with the tongue crib as much 
as possible on a full-time basis. An alternative 
regular-type upper Hawley retainer was provided 
for use during her daily social activities.
Posttreatment photographs showed few change 
in her facial appearance (Fig. 6). The mildly concave 
profile and facial proportions had been maintained. 
Class I occlusion with a normal overjet and overbite 
was achieved (Fig. 6). A posttreatment panoramic 
radiograph showed root parallelism (Fig. 7). A cepha-
lometric superimposition revealed clockwise rota-
tion of the mandible (Fig. 8, Table 2); accordingly, 
the mandibular plane angle had increased from 37º 
to 37.5º. Both the posterior and anterior facial heights 
had increased by 1 mm. The upper occlusal plane 
had moved downward anteriorly, and the lower 
Fig. 5 Wrap-around retainer with a tongue crib on the upper arch and a lingually fixed retainer on the lower arch.
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Fig. 6 Posttreatment extraoral and intraoral photographs.
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occlusal plane had moved upward anteriorly. The 
maxillary incisors and molars were protracted as 
well as extruded. The mandibular molars had been 
uprighted 8º relative to the bisected occlusal plane, 
and the mandibular incisors had been retracted 
and extruded. Long-term stability was noted at the 
recall appointment check 7 years 11 months after 
treatment. The patient had stopped wearing the 
removable retainers for more than 1 year. Bilateral 
Class I molar relationships and a normal overjet and 
overbite had been maintained (Fig. 9). The overbite 
had slightly decreased over the left maxillary lat-
eral in cisor area. Cephalometric superimposition 
between the immediate posttreatment and 8 years 
8 months after treatment (21 months out of retention) 
showed continuing vertical facial growth with slight 
retroclination of the upper and lower anterior teeth 
and maintenance of a positive overbite (Fig. 10).
Discussion
Several approaches for treating an anterior open-
bite have been reported in the literature.2−7,12,15−23 
This patient presented with a skeletal anterior 
open-bite, excessive lower facial height, and skel-
etal Class III malocclusion. Treatment with a combi-
nation of orthodontics and orthognathic surgery 
would have provided a more stable occlusion and sig-
nificant improvement in facial esthetics. However, 
the patient was satisfied with her facial profile 
and refused orthognathic surgical intervention be-
cause of the higher cost and its invasive nature. 
Therefore, a nonsurgical treatment option to cam-
ouflage the skeletal discrepancies was selected. 
Although TADs implanted in the posterior dentoal-
veolar area to intrude posterior teeth would have 
been effective in closing the anterior open-bite,20,23 
the counterclockwise rotation of the mandible would 
have tended to increase the chin prominence and 
further compromise her facial profile. Thus, MEAW 
therapy was chosen to correct her anterior cross-
bite and open-bite by changing the cant of the 
upper and lower occlusal planes, having the man-
dibular molars uprighted, and extruding the anterior 
teeth.
The MEAW technique was designed to incorpo-
rate many loops in an “L” shape to provide second-
order control of the posterior teeth, reduce the 
load deflection rate, permit individual tooth move-
ment, and transmit the force generated by the in-
termaxillary elastics throughout the entire arch.24 
It was recommended that the MEAW be applied to 
the lower arch and a rigid plain archwire to the 
upper arch in Class III cases.20 The treatment out-
come of our patient was in agreement with findings 
in previous reports.25,26 The upper and lower occlu-
sal planes moved toward each other during treat-
ment, followed by closure of the anterior open-bite. 
The dentoalveolar changes included an increase of 
4 mm in the overbite and 2 mm in the overjet. The 
upper incisors were protracted and extruded, and 
the lower incisors were retracted as well as ex-
truded. The interincisal angle changed from 129º to 
126.5º (Table 2). The maxillary molars were slightly 
extruded and protracted, and the mandibular mo-
lars were uprighted. The skeletal variables did not 
exhibit any changes, except that the mandibular 
plane angle increased by 0.5º, which was caused by 
extrusion of the maxillary molars and uprighting of 
the mandibular molars. Consequently, the poste-
rior and anterior facial heights increased. A post-
treatment cephalometric analysis revealed that 
her skeletal discrepancies had successfully been 
dentoalveolarly camouflaged.
In view of the patient’s history of the thumb-
sucking habit combined with an unfavorable tongue 
Fig. 7 Posttreatment panoramic radiograph.
B
C
A
Post-treatmentPre-treatment
Fig. 8 Superimposition tracings from pretreatment to 
posttreatment. (A) Craniofacial tracings were superim-
posed along the outlines of the cranial base and registered 
at the sella. (B) Maxillary tracings were superimposed on 
the key ridge, pterygomaxillary fissure, and floor of the 
nose. (C) Mandibular tracings were superimposed on the 
mandibular border and symphysis.
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Fig. 9 Extraoral and intraoral photographs taken at the 
recall check 7 years 11 months after treatment.
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posture which are all contributory factors for relapse 
of open-bite malocclusion cases,6,13,27−29 we incor-
porated the upper retainer with components of a 
full circumferential labial bow and tongue crib to 
prevent relapse. A bonded lingually fixed retainer 
was used in the lower arch to prevent relapse of 
anterior crowding. This patient was very compliant 
in wearing the removable retainer, and the treat-
ment results were stable during the retention phase. 
An examination 8 years 8 months after treatment, 
which was 21 months after discontinuing reten-
tion, revealed a persisting characteristic of a ver-
tical facial growth pattern during these years. 
Despite the unfavorably increased vertical rela-
tionship of the face, a normal occlusal relationship 
had been maintained. The posterior teeth had re-
mained upright, and the anterior teeth had be-
come more retroclined with time. It was suggested 
that etiologic factors of an open-bite malocclusion 
should be determined at the time of the initial diag-
nosis and should be controlled during treatment and 
retention to prevent relapse.30 Although we could 
not delineate the roles of soft tissue and muscle 
dysfunction in the development of the open-bite 
malocclusion in our present study, the MEAW tech-
nique and retainer with a tongue crib seemed to have 
encouraged natural dentoalveolar compensation on 
a long-term basis.
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